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AN INVESTIGATION OF VOLCANIC GASES AND DUST (AEI*0SOT%) IN 
THE STRATOSPHERE ( NSG 5145): R.W. Decker and S. Self , 

Principal Investigators. 


S Progress Report June 1978 - January 1979 ^ _ 

, t^'15 

*» ■£ w r! 

0 During 1978 research continued along two main fronts 

_ ? I? .• 

^ Z & V & 1* Studies of particles sampled from the plumes of 

S oc § 

3 ^ # 0 •— Guatemalan Volcanoes during the NCAR - Dartmouth volcano 

.«* o ’ -v 

73 ~ '• * > 

•v ‘ * plume sampling project in February 1978 (see Rose et al., 

.. * •* ' 

o’* * 

1978; previous progress report on NSG 5145). 

2. Research into large historic volcanic deposits 
formed by stratosphere-high eruptions from both field and 
theoretical aspects (Rampino, Self and Fairbridge, in 


preparation) . 


1 . Volcanic Plume Behavior and Particle content: 

Movie film taken aboard the NCAR Queenair during the 

plume sampling project has been analyzed and the results 

written up (Wilson and Self, 1978; Wilson and Self: in 

preparation) . The final draft of the paper is now being 

prepared. The study essentially demonstrates the extremely 

fast dilution and cooling of volcanic eruption clouds and 

aids understanding of the near-vent behavior of cloud density, 

temperature and particle concentration 
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Filter and impactor samples were studied during tenure 
of a two month Visiting Staff Member (V.S.M.) position at 
Los Alamos Scientific Laboratory (LASL) . A report of work 
completed at LASL and a brief description of techniques 
used is appended to this report. 

Electron microscope and electron microprobe investigations 
showed larger concentrations of number of particles in the 
submicronsize range than hitherto expected. However, although 
number 0 concentrations are high, the relative mass con- 
centration is small (Fig. 1). Both solid and liquid (acid 
dropet) type particles were recorded (Fig. 2) : the acid 

appears to be mainly H 2 SO 4 (by semiquant i tat ive EDAX analysis) . 
Sulphate salts were commonly found adhered to glass or 
crystal particles. Results were discussed at the Fall A.G.U. 
meeting in San Francisoc at a symposium entitled "Airborne 
Sampling of Eruption Clouds of Explosive Volcanoes" (see 
Cadle and Rose, 1978; Self, 1978). The abstracts of this 
symposium are attached to this report. 

The analytical work on plume content is being written 
up for publication and a further samplinq mission is planned for 
1980. Other related studies performed at LASL were geochemical 
analyses (using the electron microprobe) of the 1978 ash 
from Fuego volcano. A petrologic comparison will be made 
with the 1974 ash which was produced by a stratosphere - 
high eruption column. 



2 . The 1902 Santa Maria pumice deposit : 


Field work by graduate student Stanley Williams on 
the 1902 Santa Maria deposit in Guatemala and Mexico has 
been completed. This important deposit was produced by one 
of the largest eruptions this century. Grain size studies 
will provide a unique way of estimating the amount of fine 
dust "missing" from the land deposit. This can be interpreted 
as material which was widely dispersed, mainly by stratospheric 
circulation . 

Other work : 

The Newhall-Self List of Volcanic eruptions is being 
updated to the end of 1978 and the list will be submitted 
(to Jour. Geophys. Res.) early this spring for microfiche 
publication with an attendant paper in the journal (Newhall 
and Self, in preparation). Work is still in progress on 
quantification of the Stratospheric Aerosol Index (SAI). 

Field studies of a 1977 eruption in Alaska, supported by 
this grant, have now been written up and two papers submitted 
for publication with co-authors from the University of Alaska 
Geophysical Institute (Kienle, et al., 1979; Self et al, 1979). 
General studies of volcanic deposits are continuing (Self and 
Sparks, 1979 a and b) . 



Figure Captions 
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Fig. 1: Semi-quantitative grain size distribution within 

the Fuego plume, February 1978. AC/C proportion of total 
mass concentration. Note polymodal distribution of near 
source column, loss of coarse mode from near source to 14 km 
downwind and low mass in submicron range. Arrows indicate 
size ranges sampled by the two types of sample collector. 

Fig. 2: Particles in the Fuego and Santiaguito Plumes, Feb. 1978: 

a) coarse particles of glass and feldspar with liquid 
(dilute acid) coating (Fuego) . 

b) large glass particle, with adhering smaller particles, 
coated by a liquid film. Impactor studies show this to 
be a dilute acid ( Santiaquito ) . 

c) small particles of plagiodase feldspar (P) and glass 
(g) on the fluoropore filter (Fuego) 

d) glass and plagiodase fragments in the 0.5-5 micron 
size range attached to a larger glass particle (Fuego) . 
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Recent publications under NSG 5145: 

In Press- 

Self, S., Wilson, L. and Nairn, I. A., 1979, Vulcanian eruption 
mechanisms. Nature (London) ; (proofs attached to this 
report) . 

Self, S. and Sparks, R.S.J., 1979a, Characteristics of pyro- 
clastic deposits formed by the interaction of silicic 
magma and water. Bull. Volcanol., 41-3. 

Self, S. and Sparks, R.S.J., 1979b, Discussion of "The oldest 

marine carbonate ooids reinterpreted as volcanic accretionary 
lapilli, Onverwacht Group, So. Africa, by D.R. Lowe and G.P. 
Knaut’n. J. Sed. Petrol. (June). 

Kienle, J. , Self, S., Kyle, P.R. and Motyka, R., 1979, Ukinrek 
Maars, Alaska: I. General Geology and Petrology. J. 

Volcanol. Geothermal. Res. 

Self, S. , Huot, J.P. and Kienle, J., 1979, Ukinrek Maars, Alaska: 

II. Mechanisms and deposits of the 1977 eruption. J. Volcanol. 
Geothermal. Res. 


Articles in preparation: 

Wilson, L. and Self, S. Volcanic explosion plumes: density, 

temperature and particle content estimates from plume 
motion. To be submitted to Geophys. Res. Letts. 

Walker, G.P.L., Self, S. and Frogitt, P. The ground layer 
of the Taupo Ignimbrite: a striking example of 

sedimentation from a pyroclastic flow. To be submitted 
to Geology. 

Rampino, M.R., Self, S. and Fairbridge, R.W. Can climate change 
cause volcanic eruptions? To be submitted to Science. 

Wright, J.V., Smith, A.L. and Self, S. A proposed class i f icat ion 
of pyroclastic rocks; to be submitted to Geology. 

Newhall, C.G. and Self, S. A new volcanic eruption list: 
applications to the study of volcanic perturbation 
of global climate: to be submitted to J. Geophys. Res. 



Abstracts published: 


1978 Self,J>., Kienle, J. and Huot, J-P, Mechanisms and deposits of the 1977 
Ukinrek maar- forming eruption, Alaska Peninsular; Geol . Soc. Am. 
abstracts with programs, 10. p. 489. 

1978 Rose, W.I., Jr., with S. Self and ten others, 1978 volcanic plume 

sampling project; Geol. Soc. Am. abstracts with programs, 10. p. 480-481. 

1978 Self, S., Particle Size Distribution and Morphology of Ash in the Fuego 
and Santiaguito Plumes. Trans. Am. Geophys. Union (EffiS), 59, p. 1222. 

1978 Wilson, L. , Seljf, S. , Volcanic Explosion Plumes: Density, Temperature 

and Particle Content Estimates from Plume Motions. Trans. Am. Geophys. 
Union (E®S), 59, p. 1222. 



LOS ALAMOS SCIENTIFIC LABORATORY 


STEPHEN SEIF VSM G-6 
Report of Work up until December 31, 1978 


Program Number 

E- 532 

Specific Responsibility 

1. Increase understanding of pyroclastic rocks in general--has implica- 
tion for waste storage management. 

2. Examination of the first set of samples ever collected systematically 
from the plume of an active explosive volcano. This gives valuable information 
of use to proposal recently submitted to DOE by G-6 (G. Heiken),G-8. and CNC-11 
to investigate atmospheric contribution of explosive volcanoes. 

Accomplishments 

1. One part of my study at G-6 consisted of a field investigation of the 
El Cajete pumice deposits (c. 100,000 years old) in the Valles Caldera. Bad 
weather has hampered field work but a good start has been made on the strati- 
graphy, dispersal and eruption seouence of the El Cajete deposits. More field 
work will be done in April 1979 (under non-LASL funding) and is expected to 
yield enough data for a paper on these deposits. 

Also in collaboration with Grant Heiken (G-6) I have been examining old 
movie film taken during toe 1914 Mt. Lassen eruption. This documents collapse 
of an eruption column and v/e expect to be able to produce a short paper on the 
mechanisms and energetics of collapsing explosive eruption columns (which 
produce ash flows). 

2. A series of ash and aerosol samples collected in February 1978 by 
Self during a joint NCAR/NASA/ university airborne sampling program at Fuego 
Volcano, Guatemala were investigated at G-6. The investigation has yielded the 
first data on size, composition, and concentrations of particulates in eruption 
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clouds. Also movie film of explosions taken at the same time was previously 
analysed and the results worked up while at G-6. 

Techniques used 

1. Field mapping and sample collection for future size and chemical 
analysis. Movie film analysis, frame by frame, using a microfiche reader. 

2. Combined scanning electron microscopy (SFM), energy dispersive semi- 
quantitative x-ray analysis (EDAX) and microprobe analysis, using instruments 
in G-6 microprobe laboratory (R. Hagan). 

I mportance of work and r esults 

1. Field investigations of pyroclastic deposits using quantitative 
techniques are still rare and the El Cajete deposits are an unusually complex 
seauence containing ex^ pies most of the products of explosive, silicic vol- 
canism. It is expected that the results, when published, will yield an 
important contribution to understanding of volcanic processes. The movie 
film studies can be considered as a corrolary to the above because they docu- 
ment the occurrence of eruption column collapse, which is the main cause of 
the variations seen in the field within the El Cajete deDosits. 

2. The volcano plume sample studies are the first of their kind ano have 
important impact in understanding the size, composition, and concentration of 
particles injected into the atmosphere by volcanoes. The main implications of 
this study are in a better understanding global atmospheric particulate loading 
by volcanoes and the effects on climate change. 

Papers and abstracts published or submitted for publication based on work 


done at G-6: 
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1978 


1978 


1978 


1978 


1979 


Wilson, L., Self, S . , Volcanic explosion plumes: density, 

temperature and particle content estimates from plume motion. 
Submitted to Geophys. Res. Letts. 

S elf, S . , Sparks, R.S.J., Discussion of "The oldest marine 
carbonate ooids reinterpreted as volcanic accretionary lapilli, 
Onverwacht Group, South Africa, by D.R. Lowe and G.P. Knauth, 
Submitted to J. Sed. Petrol. 

S elf, S ., Particle Size Distribution and Morphology of Ash in 
the Fuego and Santiaguito Plumes. Trans. Am. Geophys. Union 
(E©S) . 59, p. 1222. 

Wilson, L., Sel f , S . , Volcanic explosion plumes: density, 

temperature and particle content estimates from plume motions. 
Trans. Am. Geophys. Union (E©S), 59. p. 1222. 

Self, S. and Rose W.I., Jr., Climatic and volcanoloqic implications 
of volcano plume sampling studies, Fuego, 1978. To be submitted 
to J. Volcanol. Geothermal Res. 
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ABSTRACTS WITH PROGRAMS. 1978 


IV, and by local contact Ion exchange In VI, suggesting pre*t«n» e of per- 
vasive fluid In 1- IV, hut absence In VI, consistent with features of 
cataelaslte* In theta tone#. 


LONG-DISTANCE CHROMOCORBf LATION IN THE MIDDLE CAMBRIAN 

Robison, 8. A., Department of Geology, University of Kansas, 
Lawrence, Kansas 66045; HcGee, J. V. , Cities Service 01 1 Company, 

Boa J00, Tulsa, Oklahoma 74102; Rowell, A. J. # Department of 
Geology, University of Kansas, Lawrence, Kansas 6604$; Strickland, 

0. K., Department of Geology, University of Kansas, Lawrence, Kansas 
66045; and White, W. W. , III, U.S. Bureau of Land Management , 

Buffalo Resource Area, Buffalo, Wyoming 82834. 

Rost Cambrian species are endemic, which creates severe problems In 
global chronocorrelat Ion. The majority of agnostoid tri lobltes were 
probably pelagic and some were cosmopol I tan . Two species, 

Ptychagnostus g I bbus and P. at avus , show widespread stalls throughout 
t^eir geographical range, "but both are separated by morphologi cal gaps 
from their putative ancestors. Their phytogeny Is consistent with a 
punctuated*equl 1 1 br lum mode I of speclatlon. 

The bases of both the P. g I bbus and P. atavus tones have previously 
been suggested as potential hor 1 cons for series boundaries. In many 
parts of the world the Incoming of P. g i bbus is associated with a 
marked change In lithology, and in detail, the Initial appearance of 
the species may have been delayed at any given locality. In contrast, 
P. at* *m commonly occurs In monofacial open-ocean successions and 
proFably Its Initial appearance closely followed speciation. In 
western Utah, a likely area for establ I shment of a series boundary- 
stratotype, P. g i bbus and other trilobites occur with Inart Iculate 
brachlopods Tn t^e tower part of the Wheeler Shale, which accumulated 
under relatively deep-water conditions. Without significant change in 
either lithology or the inarticulate brachiopod assemblage, P. g i bbus 
Is abruptly replaced by P. atavus. Associated changes In poTymeroTcJ 
trilobites, although less" ewtens ■ ve , resemble changes at the bases of 
Late Cambrian biomeres, which have been interpreted as adjustments to 
cooler water. Considering all factors, chronocor re I at i on based on the 
first appearance of P. atavus Is probably as precise as any In the 
Cembr I an. 

TRACF ELEMENT GEOCHEMISTRY OF MAFIC AND FELSIC MINF.TTES , BUELL PARK 
MATREME, NAVAJO VOLCANIC FIELD 

RODEN, Michael F., Department of Earth and Planetary Sciences, 
Mawaach-.net t a Institute of Technology, Cambridge, Maaaachuaet t a 
02139, and Department of Geological Sciences, University of Texas, 
Austin, Texas 78712 

Potsaalum-r Ich minettes (3.5-7X K 2 0. K 2 0>Na 2 0) of the Navajo volcanic 
field containing abundant spinel and rarer garnet lherzoltte Inclu- 
sions were erupted 25-30 million yeara ago In the central Colorado 
Plateau. Samples of mafic (49X S10 2 . 101 MgO) to felatc (60* S10 2 . 

4X MgO) slnette from the Buell Park composite klmberlltlc brerrla- 
minette dlatreme were analysed for rare earth elements (RFF), Ph, Ba , 
Sc, Cr, and Ta by Instrumental neutron activation, Thondrlte- 
nornw 1 1 zed RFF. patterns for all the mlnettea are similar and highly 
fractionated (La • 330-370 x chondrlte, Yb - 5-7 x chondrlte). Also, 

Ba increases slightly through the aulte (2100-2350 ppm), while Pb 
Increases by two-fold (100-200 ppm). In contrast, compatible elements 
decrease significantly from mafic to felatc mlnette: Cr, 410 to 100 

ppm, and Sc, 16 to 9 ppm. A major element model based on whole rock 
and phenocryst analyses relates mafic to felslc mlnette by fraction- 
ation of dlopslde, phlogoplte, u.agnetlte. and apatite. Apatite frac- 
tionation was Important In controlling the RF.E and explains decreasing 
P 2 C >5 and P 2 05 /Ce through the suite. The f rsc t lonat Ion of Cr and the 
"buffering" of the RFF. are not easily explained by a model In which 
mafic and felslc mlnette are derived by different amounts of partial 
melting of the same source. P 2 0^/Ce ratios (Y 40. of mafic minettes 
are lower than that suggested for the source of alkali basalts and 
nephellnltes and are consistent with a source for the minettes 
enriched In light REE. A garnet lhertollte which Initially contained 
apatite and phlogoplte la a possible source. 


HYDROTHERMAL TRANSPORT ANO DEPOSITION OF URANIUM, ANO THE ORIGIN OF 
VEIN URANIUM DEPOSITS. 

ROMBERGER, Samuel B., Department of Geology, Colorado School of 

Hines, Golden, Colorado 80401. 

The stabilities of various aqueous uranium complexes are evaluated at 
up to 300°C using available thermodynamic data. The distribution of 
aqueous uranium species are plotted as a function of pH and log oxygen 
fugacity to determine the complexes responsible for the transport, and 
the mechanisms for deposition, of uranium in natural hydrothermal 
systems. When these results are considered along with the hydrothermal 
alteration and mineral assemblages observed in vein uranium deposits, 
the following conclusions are reached: 1) Carbonate complexes become 
less Important at elevated temperatures and are not significant in the 
transport of uranium in hydrothermal systems. 2 ) In deposits containing 
fluorine, uranyl fluoride complexes are most important in uraniun 
transport. 3) Chloride complexing Is not significant even where 
chloride actlvites exceed 1. 4) Under certain conditions phosphate 
complexing may be important In transporting uranium. 5) The solubility 
of pitchblende decreases as temperature increases, and therefore 
cooling is not an adequate mechanism for deposition. 6) Uranium is 
deposited by an increase in pH or a decrease in activity of complexing 
aniens. These changes may occur as a result of reaction with wall 
rocks, boiling and loss of volatile components, or mixing with ground 


waters. 7) Oxidation nf Iron In wall rocks may be an effect of, rath 
than a cause for, uranium prer ip! tat Ion. P) Pltchbler.de can preclpi* 
under conditions where pyrlte or hematite are stable, or where Iron » 
mobile, resulting In the bleaching of wall rocks. 


LARGE-SCALE "GRENVILLE" NAPrE STRUCTURES INVOLVING GRANITIC GNEISSES 
SOUTH! ASTI RN ONTARIO ANO THE NORTHWEST ADIRONDACK 10WIAN0S 

ROME 7 , Bill and JACORV, Russell S., Department of Geology and 
Geography, St. Lawrence University, Canton, N.Y. 13617 
A con^etent, rignpled, northwest-dipping sheet of granitic gneiss 
extends from Parfshvllle to Alexandria Bay, N.Y. Apparently Isolate** 
leucognelsses (the Canton, Gouvrrneur, Hyde School, Fish Creek, 
California, Clark Pond, and other "phacol 1 thlc" bodies) result from 
"egg-carton" structure of the sheet. Contorted, plastically defomr 1 
Incompetent mntasedimentary rocks fill troughs and depressions betwe* 
domal axial culminations on the granitic sheet. 

Structural relationships show the Parishville body, to the east, 
as the hinge of a major, reci/^hent, isoclinal nappe, with one limb 
extendinq into the Adirondack Highlands. To the west, the granitic 
gneisses at North Ma^nond and Alexandria Pay extend the sheet across 
the St. Lawrence River to Include the Pockport granite in Ontario, 
possibly forming another major fold hinge. The amplitude of these 
folds approaches 60 miles. They extend a competent granitic Strati- 
graphic unit across the southwestern part of the Grenville Province. 
The nor th?ast- t^endl ng "grain - of Grenville Structures represents 
axial-surface foliations to these nappes. 

Granitic rocks of the sheet may represent metasediments or 
mr tavolcanics of the Grenville Supergroup which have locally undergo* 
melting and rpmobi 1 1 /a tion. Other acidic gneisses beyond the ends of 
the fold hinges, such as charnocMtic gneisses cf the Diana and 
Santa Clara complexes. New York, may be correlative w 4 th the Westpor* 
Crow Lake, Gananogue, Lyndhurst, and Perth Prad netaplutonlc bodies 
in Ontario and therefore represent rocks derived from anatexls of 
pre-Grenvl 1 le basement rocks. 

EARLY CTMOZ'M'' PI. ATP PI OF'iAN T 7ATI 'VI 

R0NA, Inter A., an*! F I 'HAPl'T-i'M J Ivin $ . , National Ore., 
ic and Atmo»;pherie AJminint rat i' n, AMantie O'. e*n->gr i| * 
ic and Meteor ml nf« ;i<-a 1 l,abnt a* mr i eo , Miami, Florida 
3 .3 1 •* 9 

*Al«;o Pnivernitv r*f Miami, Fn-en^ t » *• I r»*hmol nf Marine 
and At mo-, \ h#*r i^ r.rienre, Miami, Mnrida, 1 1 1 <» t 

Svntherjo of refiortil plat** ir' v»*i vnt** r» i .«al'; a <m inr re*o 
p -ini ration *»f fl*»b.i| plate ro’t i*ui ft m M* '.nroie to (Vnnr*- 
pit terns that ir»***1 primarily 'luring the firnnm epnrh 

(S3.S tn 77, S my PP). The r-eorf.ani /.a* ion involved reorie* 
tat imp nf relative plate motion*-, with 1 i« go •].**. component* 
into larp.e I -W * • - pif.ent r . , « ntinuatiop , f pr e.exi r t ing I 
oea floor c pt - ea ?inr» initiati n rf new |-W nf>r 1 inf , 
de^e 1 ej at ion of '.p^ilirp rite»-, m l • \ In-t i r *-f c ; b i ■»- 
lit e*! . The root p m i rat ion i •*. at t ril i**’ I to in» reare in 
resir.tanre imp • «•.« on the g lM-il j l a ♦ *’ '*y*-t«n by inefo/ir* 
in lenptb of ! -W trebling col 1 i nional ilate t^undane-. fr 
?,S00 to ?R,S 0 n Vm during the interval SS to up my PI , 
foreinr. the to reorient along line*-. . f io*.% rrsir. *- 

anre. The pattern of global plate motion resulting t rf n 
the reorganization i r. con **• trainer! by the r »r. i r. t anre impo r » 
by 19,000 km of rollir.ion.il plit*» bmunlui**. 

BIOTURBATF TEXTURES IN MUDDY SFDIMFNTS 

RONAN, Thomas F. Jr., Department ef Firth 4 Space firlrnrM, 
Unlvcrsltv of California, Lea Anyrlrx, California 90024; 

I.IFPS, J. H. , Department of Cenlogv, I'nlveraftv of California, 
Davis, California S1S47 

The trxtur.il properties of muddv ir.|fmrnt« nrr Influrnrrd to a larg* 
dpgrro hv thr motlllfv modri .ind frrdflnff tvprx of tholr rraldrot Mot 

A muddy ardlmrnt which rc-nfitcm i ilorir mxr*41,ifr of luiproaton fr*-* 
ing Infnun.i which hulld tube* will hive n l« I <*turh.itr texture that 
arises primarily from the irtlvftv pf Its hef ween- f he- t nhea romp»un|tv 
Myriad small sinuous burrows, pr|*s.irl!v produred hv annelids and 
crustaceans , will pervade the s. dlment, BiTiuse the tubes rnnstltute 
a harrier to subsurface lon'mu |p*>, the large resident skrlrtnnlred 
Infauna (bivalves and shrimp) will consist of relatively sessile 
species that hulld permanent burrows. The overall effect Is to pto- 
ducr a sediment that Is cohesive and contains well-defined hlngenb* 
structures. Because cemented rubes tend t o degrade quickly, palenn- 
tologlc rerrgnltlon o I a tube builder association *>av depend entirely 
upon the distinctiveness nf the suite of sediment traces produced hv 
the r oex I at Ing Infauna 

Rv comparison, a less densely populated muddy sediment will have a 
hlofurb.it e texture tb.it results Iron deposit feeding *nd locomotion 
traces. The active probing of sediment with tentacles, prebosrla, 
and palps will produce a mottled to homogenous sediment texture. The 
overall water content of this sediment will be high and deformation 
of h|ogrn|c structures would be ewperted durtnr preservation. 

i97A vmrANir FRurr ton noun < m»*i i»* pboiftt 

RO*;F, w. I., Ir., r ADI.F , R . D., IA7RI’K, A. I., HFTDT. L. F.. and 
D. A. CII.I.FTTE, National fenfer for Atmospheric Resegrch, Boulder, 
B0107; lll’EBFRT, B. J., Colorado College, Colorado Springs, CO 0090 


original mo* i* 


/'f 


STOIHFH, *. F... SF.t.F, S. «n,l HPATTON. C. , tlnrlmnuth TolUt'. ll.n.'ViT, 
NM OT755; CWIIAN, R. L., Rrtin.wirk Cnrpof At ton, Cnm t« Nptm, CA 92*2*: 
WIOPS, 0. C., NASA l-.f>glry UMPiirrh Center, Hampton, VA 7 1AA5; 
FRIF.DMAN, t., Z I FI- T NS N I , R. A. »n<) SMITH, I)., U.S. Ctnlngltal Survey, 
Denver, CO POI25; WILSON, L,, Unlvemlty of PhoHe Inland, Kin, .ton, 

PI 02 HA 1 . 

Durlnp February and March 1R7R, a team of aclentfata and a apeclally 
equipped Queen Air Aircraft flew eleven aamplinp fll, hr. over the 
active volcannea of Facaya, Fueao and Sanrlaauttn In C.uatemala. Throuah- 
out thla period each of the volcanoea ahoved moderate activity and had 
plumea which could he readily aampled at varloua altitude* and dlatancea 
from the active cratera. 

equipment on the aircraft included: 1) a treated filter aampler for 

determination of relative amounta of SOj , HC1, HRr, HF, SO**, partlcu- 
latea and trace elemental 2) a 10-atape Piezoelectric Tertlcle Caarade 
for particulate alre dlatrlbut Ion and alre aampllng of particulate* in 
the range of 25 to 0.05 wm; 1) evacuated atalnleaa ateel canlatera for 
quantitative paa chromatographic meaaurementa of H)S, COS, CO, , CO and 
SOil A) a SO| correlation apectrometer for the determination of SOj 
fluxea In the plumea hy traveralng; 51 an automatic 15 mm multi-apeed 
aequence camera for dynamic photography of erupting plumea; A) a flow- 
thru atalnleaa ateel gaa aampler for H, O and C lantnptr meaaurementa 
of gaaea; 71 an Inertial Navigation Syatem for ground and wind apeed 
determtnat Iona ; 8) a gaa bubbler aampler for trace element eampllng. 

At ahatrart time, few reaulte are available. 

The project demonatratea clearly the feaatblllty of planned mlaalona 
to aample more or lea* cor.tlnuoua low level emlaalon from the aame 
eaploalve volcanoea that project material into the atratoaphere in ahort- 
llved aporadlc eventa. 


SNOWBALL MUSCOVITE IN THE CENTRAL SWISS ALTS : AN INTERNAL 
RECORDER OF TECTONOMETAMORTH ISM 

RojpnfPi'l, J. L. , Department of Earth 1 Space Srlonmn. 

University of California, Los Angeles, California 900.' , R 
Snowball muscovite (SM) occurs with the well-known snowball 
Barnet (SC) In north-dipping, staurol lte-zone , Hassle cal- 
careous schists in the isoclinal Flora Syncllne separating 
the Gotthard and Lucomagno massifs. Its lower symmetry cau- 
ses SM to reveal petrogenetle features beyond those shown 
by SG. Some muscovite reorystalllzed around new nuclei of 
scattered orientation while other coexisting muscovite re- 
acted to form snowball blotlte. Rotation of SM and their 
simultaneous, orientation-dependent, anisotropic growth- 
rate caused changes In cross-sectional shapes normal to 
their rotational axes from relatively equant ( ( 0(1 1 ) -4-fol l- 
atlon (S)]to elongate || ( 00 1 )( (001 ) - || S I . Low angular velo- 
city In the latter state kept S parallel to the synclinal 
axial surface (e£. D. Willis). Garnet pseudomorphs of mus- 
covite, Including earlier SM, demonstrate muscovite trans- 
location by cation exchange, probably along Intergranular 
boundaries Influenced by differences In surface energy and 
changing phase equilibrium. SM, SO, and other snowball min- 
erals show rotational sense that Is Invariant with position 
In the syncllne. Their south-s 1 de-up sense Indicates growth 
during Chadwick’s tectonic Fhase V after folding of the Fl- 
ora Syncllne. That shear, with elongation parallel to the 
dip (e.g. boudlnage of zolslte during growth), probably de- 
rived from Ollgocene southward tilting of the bordering, 
more competent massifs, caused by southward slumping of ma- 
terial at a higher crustal level. That movement also ac- 
jv. its for refolding of nappe-related Isoclinal folds In 
the Trlasslc dolomite at nearby Passo Campolungo. 


ECOLOGY OF LARGER, SHALLOW-WATER TROPICAL F0RAM1N1FER1DA 

ROSS, Charles A., Departr. -nt of Geoloqy, Western Washington 
University, Bellingham, Washington 98225 
Modern coral reefs are Inhabited by a great abundance and diversity of 
species of Foraminlferida. On exposed reef flats and exposed shallow 
Intra-reef basins species of Calcarlnldae and Amphisteginidae dominate 
the Tha|assja (turtle grass) blades and may form the substrate of the 
basins*, the upper surfaces of which are bound together by foramlnl feral 
pseudopods. Although most of these species are relatively small, the 
families Gorltldae and Alveollnldae have representatives that reach 
shell volumes greater than 100 mm The sorltid M AT9j. n I , P.°. rl vertebra l!* 
occurs abundantly In a number of different reef environments, incluri- 
Ing clinging to Thalassla blades In I to 2 m deep protected lagoons. 

M. vertebral Is and other larger foramlnl ferids start t appear consis- 
tently on substrates composed of smaller foramlnl ferids In deeper 
Intra-reef basins B to 25 n deep on exposed reefs, and Inter-reef 
channels about 25 m deep. Growth rate decreases but the final site 
necessary to reach reproductive maturity increases below a depth of 
10 m, so that the largest specimens are from the deeper locations. 

The shallow depth limits In the distribution of large rref- 
dwelllng foramlnlferlds are related to exposure to waves and currents 
that are of sufficient strength to displace the foramlnl ferids and 
redeposit them <n deeper water. The lower depth limits, at least for 
the sorltlds, are related to the depth at which their photosynthetic 
tooxanthel lae partners are no longer effective symbionts. 


Me lot he 1 1 • , a ranker of the ||nit a an>l per 1 * • •neum , nfi in r , with few 

finrpt Innt, only In mfwRtnt “tra»1ea" wnikfrt («ht|* Insolation, fea- 
lties, construction, e*c.) an«1 in South Afi Iran rr nr lifol i t e minors. 

Lun'i cancer la aolrtnaa found in non -so ok I n'j nst«ostns "trades” w-rkert. 
The percent mortality for lung rancor and me sot he 1 1 -sss I* plotted for 
11 groups of "trades" workers. Regression analysis of *be«e data stv^wa 
a linear relationship between lung • sneer ai I m**so» he 1 lira Inrldonroi 
79% of the variance f r ^ I of lun'i cancer la accounted for by mrsothell* 
cm a , A large part of the remaining 71% variance ran he accounted for 
by intergroup differences In amoklng statistics, rancor mortalities 
are also plotted for adult male populations of S nations and for 6 
"asbestos" *1 n 1 ng/f actory populations not esposed to croctdollte. Tha 
very lmv incidence of mesothe 1 lce>a In those groups shfews that they do 
not have the rancor risk ewperlenred by those in the "trades"! their 
lun<f cancer Incidence Is generally accounted for by smoking habits 
alone. Cancer risk to those In the | 

"trades" Is attributed to esposure to both “J ' 
smoke and crorldollte. There Is no evi- 
dence that the mineral dust levels pre- 
sently maintained In responsibly operated 
mines of Nor t h America cause increased 
Incidence of lung cancer or mesothelioma, 

Including those mines that process rock 
containin') the commercial forms of asbes- 
tos! anthophy 1 1 1 to , tremollte. actlnollt 
cummi n'jtool te , grunerlte, and chrysotlle. 
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THE ore PROGRAM IN ENVIRONMENTAL IMPACT Of THE OlSPOSAl OT HIGH LEVEL 
RADIOACTIVE WASTE IN GEOLOGICAL FORMATIONS 

Rothschild, M. C. and Oarraud, C., Nuclear Program*; Division, 
Department of fisheries & Environment, Ottawa, Ontario, KIA 1 C 8 . 
Fisheries A Environment Canada’s Interest In t^e problem of disposal 
of high level nuclear wastes In geologic formation* involves t h e 
parti clpatlon of two services Environmental Management Services 
([MS) and Environmental Protection Services (IPS). [MS Is supporting 
applied research In hydrogeology and groun(h»ater geochemistry for 
determining the transport/retardation mechanisms of radlonuc 1 Ides 
In the Sub-Surface environment. The [PS Involvement consists of 
preparing a document providing recommendations for lonq-t»rm 
protection of our environment w 4 th respect to disposal of high 
level radioactive waste. This document will cover two mam topic*: 

(a) evaluation of long-term physical and chemical stability of the 
different rock types considered to be potentially suitable as 
high-level waste disposal media 

(b) evaluation of the efficiency of the geologic barrier for long- 
term containment of long-lived radlonuc 1 1 des . 

Conclusions drawn from this document will provide a base for 
recommending Improvement of solldl flcation techniques tn produce 
synthetic matrices with long-term physical a*d chemical stability and 
with leaver leaching rates than the present day glass or ceramic 
matrices . 


DEVELOPMENTAL CYCLE AKP OF TKE PF. ENT i.TM ‘I’M - 

TID, HLToRi '3 PEGINA DKIRF-.j.iA, AND THE I R 1 Ml I NATION.; E\JR 
THE o.:«;rM„irnnjr«7F TnrTTJifiuJnEN! i.r,:,tRAriL N 

ROTTGKR, Rudolf, Inotltut fdr Allr^-nne Mlkrobiolo^ie 
dor Uni versi t.it Kiel, 01 shaur.onst r. **0-f>0, 

?yju Kiel, Fed. Rep. of Germany 
The d? vo 1 of r»»n * a 1 eyrie of Peteroat^mn boo been 

inveotir-oted in laboratory ciiTTurer miT Tn 'fe-T-eno from 
natural habitats in Hawaii. An In other foram l ni feran spe- 
cies, alternation of «ene rat. ions a l no exists. However, me- 
palosphertc specimens (r;n"iont, A- form) ore mu-h more abun- 
dant than micronpherlr sp<»«*ini»nn (npsn A nt, P-ferm), Thin 
seomn to be true for all larger fora^ini fern 'Rerent and 
fosoil). The reason for thin in ♦ho* multirle fli-.pn in 
the main mode of repr 0 lur t ion of * he nepol her ie gene- 
ration. Gamete f^rmatimn, which leo-ln to tie ~i'r~ofhertr 
p.eneratlon, in greatly reduced. The nymblotlr llotmnn 
which are enr.ential for the metabolism of ttiie frirn-lni fer 
are easily transferred over many rer 1 1 onphe r ir eanerotionn 
durinp; multiple fission. Gameto, whirh are rarely formed 
by mepa lonpherlr individuals, do not transfer oymMentn 
to the mlcronptierir generation. Consequently, the m|rro- 
spherlc generation has to engulf free livlne; diatonn 
during ltn early Individual development and transform 
them into symbionts. The transformation pro'-ens the 

establishment of symbiosis more difliiult in the miero- 
spheric Feneration. Gurh difficulties alonkc with the 
scarcity of gamete formation may account for the small 
number of microspheric specimens found In natural habi- 
tatn and for their special depth distribution. Mirror.|he- 
rlc specimens occur to a depth of 1(X' m with the highest 
frequency in the deeper regions of this ranre. 


ASPFSTOS HEALTH PISKS TO THE MINING COMMUNITIES OF NORTH AMERICA 
ROSS. Malcolm, U.S. Geoloqlcal Survay, 9S9 National Center, 
Seaton, Virginia 22092 


THE TA^.T AS A ri Y TO TW TPt r FNT FIJl’irTONlC f 7PAMIMIFF. PA AND FirPoroOS 
IN SO»TTH CHINA AN l' JAVA S».A SIDIM!»aS 

POTTMAN. Marcia L. , Derartment of Geology, H<imboldt Sta*e Itniv., 
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Ktrjlt ihr iinnitil pii>|ilrm ttilh iK. iii.tl.lml II. • •Mtlli 
ftfuaiion il onl) ipfiniinuiit ihr loottl Ctpirttion if n it 
n.ih t io'il| tm ill (ami il Ah •» alto i>«ill| Ihr taluri of p 
cn> « tJ • *» Kal toll ait it riploti.ini |ta| 11 I 111 Ml uc.ghl 
l»i 11 ni il |tltHitn, ml. amen mJ yi>. nd*oh.in ch«ii air 
im’.Jtd) lif ilaifl loo li'|C foi Ihit eppiuaiftiaitOA lo b« 
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••m.lai iiott tc.Honal air a ma> be n> ••€ applnablr If ihr 
tcili.al fatcni of Ihr tap >t l ami lit denny it o. ami if ihr gat 
tbply beneath il.c (ap hat tcn.ial cil.nl V initial irmpeiaiuir 
r . picttuic f, and gat contlanl K lh«n wmplr g.oinciiy thoat 
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1 ap ( u it l d« ag 101 If*. <1 nl 1 ' <lh t a'ur . .«t» lo unity an.l p. it 
Ihr aimot| hrm dtmily I equation ( I it Kaddy inleg'al.J 
•(•mentally wt.ng rquaiiom lb) ami IP| .0 yield il.r matiniom 
•ehn.ly a. of Ihr pi.plutll duintg ihi I .plotmn pio. 1 tt f hr 
eetolit of tttth taWulalK'nt a.*»l alto ol ilj u.r .if the titnplci 
equation ill anJ (4). air tuinmantid .a I ig 2. in ahali m. it 
thorn n et a function of P lot a iai*g. ol t a' act of n in ra.h .at* 

|l.« ail lhai al leatl M 4*' *t *- of the liag.in nit t ietltd 
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III*, of ihr equation |1| tpee.lt at the Htttotc appfoathet 
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Ihr following cnnibmaliona of inn al gat ptft*u*r and 
irUated gat *l X at r mipheJ by th( *.l»ifitrd matnnum 
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ju.it nl ihr IP lllh rtrnl o'Hjim J » ' »i '• «*alri II 
rtl*n*airil' lhai rqoal piopoili mt |otemlf a**il noninirn*le 
matrnal *»r»r rt|*« llrd *n the rt|*h*t*u*» **y.l tii *1 ti it attomrd 
lhai all of il*r ttalcr mr ir |ot«n*li. 4 m III *i S ***old l»« 
irquiied in ihr magnia I hr hum end of ihit li"lf it tompai 
able in ihr nuatuird pnmaiy *airi tunirnia" 4 ol anJroir 
ntagtiiat. bol il *t piubahly Nttyihrd lhai tiimr Rtf >•<*•« ••!•• 
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fool olhji ti.i.*l j« nuihtotlt on I hi tan-r J. ( an al*owl ' • III' 
m* dtmr utl. •p|tiut.m«niy ball of *h.h m | U trn.lr Sh t 
may luurni ll.ai |oicft.h malcnal • tt <e cn.pla.rd m ibr 
oiqtei pant ol ihr t.d. ami bt ittr. n • t|4.*tn>n«, to lhai a loul 
of ihial M 1 III* ».*' of pit rutting nte malrnal *at 
eirateied 

Ihit tolwn r i annoi hj.r brrn n n. ,cj Imm a Im alnr d 
• «g..M nr j« h. trni b.taote *t in.#* |h«i ibrir tor no 
tig.*..' Jin • ta <git m ih, g . «ut»c i . t of ih * irg.nn .lonog ihr 
r t ‘l.it'ii a. • i.it if J ' • III* m* •% iilm ti ihi npy a ten .al 
it* n.t. t M.*h I» . g.h iqi.jl i .1 jtoin ih# *rqwi. J d.nn m. .n 
•t Mm * !>-, h .« gitaiei than ihe .<••( b .n.-m .l.a'.iiri 
Ihrif *t a t a-l.leJ 'ia* m » '• » to. h a g. 'A.rliy it onhiely 
llraimg <>f gi .(.n.l««.r t n. 41 il.e ••• .gma ud| it only pmt.l le 
•I h. at tan | c*i Hair ihr ieq M ..rJ .luian.e m the inn. ai« I 
able 'hr t.|t n fHii.nl Inloif |l. % Ifeloh eaplotmn • it 
)|l mm anJ lhim«l *atct tan only n«.tl ditlamca ol ihr 
oi.h 1 ol a ft * 1. *»t **l tt >niMt( 1.1 1 ... 1,1 4 m il ,| iintr * 

h huig 1 ylm.li .. al i.....lw.l li. J<i<g it., teal it i|«r g "deliy 
•huh mat n itrt iht thamit ol ginomlM being ii.iiilicd m 
•he c ipl-HH-na fcg4uroi..«c yian.ft Vila ab..»r ihe tut 
tuondmg l. |«* giaph| if a leiluat le.igih af tat MNIm tof 
miolu.l ihr ctiaiaird 1 yhn.lt f 1 J. J to piomlr both ihe 
|otcn<t( a .J n..n|otvnil% il. but f • «• oil l>ie maioi r tphitn.'ii 
M.mhl ha«e ha.l a •!• ante let 12 m I .g.ne I ihont the t.iwa 

i..*n cm. tag. J a long tthnlii.al i.hk'oI ab..oi 20 m in 
diameui loiiia n.i.g mag na imded al fhetoifa.e anjih.'l. J 
al Ht im.la. I • ih lh» tone mat. nal i.inii.i. ilatlt tthnh ha%C 
•alltn min ihe ii».Ju.l flout tail-tf atlimy lhairi >n iSrtr 
tlailt an.l m lt.% 10..C •*.«•> i<al m..i.( J.«i.ly tui loui'Ju.g ihe 
n.a g it hrair.l in pc at •• ag nail. It ni|H u'wirt an.l l. g.ihn 
*nh ettoli.d fttaen.lr n.«g *.ain m«ki c ict ih< rt| * •nua 
ta hen ihr i«|. .uei ihr tini fa.1% li it tml ,%>ubl. lo % ti-i'*a*r 
a.tWia'i y ihr itldl.tr . •••Int.Mii.Mit |. i« mag iialn a.-J 
(otemle naiei Il.r IP 10 h et| 4 oo..n 1 tii hair irm.-*eJ a 
•mt layn torn. \ m ili.ti fn.ni ih« % .m 1% • *#0t »o tal.ilf the 
ol.tr • ltd matt Only • t'-.ait lia.lnM ol . nt m t an.l .it p.n* 
Main tiiy 1. 1 ha»C Inin hraird h» ...ndfion m the lit non 
befoir Ihr rtpl.-t*. *• alih>>dgh Male! a.J lit am m iptii.t.n 
nciicd httoiea may l<a«C l*Cit* Htalid by ..t. tinny If all il.c 
at aOablr Main m the Mall lo.k layn ant mi. died m ihr 
ctph. t.on • Mini t.micni of 2 » \ in • >*a ntk a..JJ br 
tontiti.ni Mol. ihr rayHtiiJ Maui n.mobwi.on fiom ihr 
magma at nou.l al«*»r 

In ih« a bote let aim. nl ae hate n.n I.. nl 1 netrataiy 10 
ini.'ic ihe t#i <d nut.. 1 of |yt 1 • .1. maif •••! m ih gioynjdairi 
lh#i ii.'gi.i lead lo Hath K.ibug" Ih.t Iian .hi hat been 
pioytoted at a nieana ol t . e ti".| piCtlwH • ..f Ihe oidrt of 
1 1 ki a* tm.dai lo the pnttwKt tic d*. 1 I lot h>gh lehniiy 
Ctplot.ont by ap|dy.ng ihr ll. inoy.il. tqtai'on I l..i analyt't 
d*H t Pol Kqniir tm h high picitoltt. md. 1 d *C d.iyhl lhai 
ih. y air nr* •» qo.trd 

I f u|»i mmi (ulumn lu-hpyiouf 

Ihr • >1. hr 'ghl h ol ihr tO'itt.i «t plan, fi.uii |hc IP lllh 
Ctph. coit tan hr .un-putt J It. mi a loin. vie |o» t.H.irtlnr me 
(..•.il 41% 1. <ti a.iiancuwt t**uin an.l lonipaic.' M.ih ihe obaciic J 
hngi.i h m ntiiiri. it guen'* hy 

Ik • I ■’O'* i*) 

Mhne 0 •• ihr lelratrd heal mrigy •« l.ialet Ihe IP lop 
Ctcni e nulled 4 J • 10 * kg of i.hI of mP> t tlmil half tm 
lutcmlr ('hat it. hot a.«d able 10 coni. •Indc i.j dnimg .on 
tciitcm) |I..MCtei about half of ihr *naic* #• mie.ird .nlti ihr 
plu.ni Mai l.>tl alm.-tl m».«. J jl. ly laflt* I. I'll by ihr 
l-a'l.al toll arte uf ihr coluti.n a.* fo>ni pyi.^la.lu ••alan.lMg' 
Ihut. ihe lu al aiadablr 10 .Inn ..•••«(. i. •• >t r.l'.iiaird lo 
hate brrn a niat'iMuni of 4 « |il" I haJ <g a |**nl..ird 
.olunm h. iglii A «l 4 ’iHim I br obtcncJ talwf May •• Ira.l 
4 IP Pi Ml ihr dmirpaniy imply. ng an rih.nnty of Mai ulilita 
lion of about III*. 
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|a - It .1 l*-t I * ol .."10. • Ittnoft •< g.O O'J t'otl* <0 oolurt.* J lh« 

,1 1, aim I »•« l*o II* •• |0I M* in* «ip‘*a» -g 

iip'iWHl I* c*.-a*ad» |*| <*.# go* t.* -. • •••« •*••» 

«lbf> g iMe*»*a.t*HtH linn* #i ••••••ol n n t *>r»n ••! I 2.*0 K •" '*•« 

Ul , ».| ih. b..« I •• IV *ht *^i i •» •«J*»*'*I •'••*'•• 

l(...|*taiwi« t>» Mi'tltgnei •» th -oa IM lao't* J *ml **-»••*«*• •*• 
!••«« ItM ea.h got *%•"•*«' ►••%*«! ih* «ft«i *nj Mace lo*"* ul 
•tMti*y h- • | »*• tl» io a* g pirtoatt to ooi.*a<oa nplototi 
VkMn ih* ci*tl* ••* |'UtU“ I* o* <kti IUa*t* u* Jt*i»tci*e. 

to Wan* oolut* tt.uooia *J HI..M *ln*ol| m ih* d*»h«4»un*» 


»»• 


| VMtiolt* *4 p* ••!*.»* J u<a* a*l"4 Ihtuugh UOM* 

toft* u I NgaulahtM M»a« (M II 10 h giplugain 
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fra* ltd with svjw.tt rr II an Initial mluilon to 
toik «4S* ill la of 2.4 In |)|i Imuii yd I «rll 
»Hulr*inl ul l«*l) ■ 1 iipitlly. IV* of the 

ki.i«.ilri dji ii||u>Ud to M ll.Ol by a. Mil Ion id 
11**0 imi i It It* J Mitci. Tin* r lutparnt lot Ini 0(1* 
above and below hot frontal dor li«|t It . li t loti, to 
brttrr tli the w|IJ« with llquU. There to b sd 
aliquots ol Htil utlt'ii .in- I .ike it al tegular Inlet - 
Vilt l» l Itoli'i'ii .inJ ilttUlfj) ihjIim t without 
Interrupting tin if .»»l Ion Rapid I sot opt, 
fuloit|;f took | I i, t*. Hie '**0 value o| » tint Ion 
quilt I > dropped jnJ be •me at able at *91.91 In 
10 hour*. flit I 1 ''!) value ol the itolld allfl 10 
hit w 1 1 iiliulJli'il to be ♦ Sti 0 *0.91, about 6. Si 
above the '* H 0 value ol solution, a I t a« t lonat ton 
similar to that vupcitrd lot h lilils|>ai and water 
at I00*C. the solution ioe|'os 1 1 lou also i li mind 
rapidly Jui lug ttie first JO his to a S|0; rlih, 
Nj-g-Cl solution with low My (l.A ppm) and la 
(170), closely ot ptoalsi.il Inf results previously 
repotted by l*l«ksi»n. In test ||«e roles of My In 
the re ael Ion, .il t ei Mi Ins 1 til ol s.itm.itfd H, < I : 
w is Intei lid, t airstrip drops In pll. Inns ) Ntol.S, 
and In SIU , lies IvKHI to I 7 10 pp*i. Ihe pll and 
SlO^ slowlv letiirnid to slridy values ot 1.4 and 
22 90 ppcr . resp Alter b00 hts. My had fallen In 
4% ppm and was still dee teas lop. Sow Mp sill, ate 
qwt.klv fotved at the tine ol lnteillon, ae » ompan- 
led by release of II* Ion, and M| and II* are 
bring slowly consorted by slnpplsli reaitlon with 
rllliatrs. The subsequent lower pll and higher SlO> 
suggests tint pH plays an teporlani role In set- 
ting the net as t ably hi pit i o«n ent t at Ions ol 910; 
toamonly observed In rock- sol ut Ion react Ions. 


filleted solutions, taken st regular Intervals, 
were analysed. Near ttraiv state solution 
(••■posit tons were obtained within ITO hours. 


Solution i o*| os 1 1 Inns (ppa) at lor (00 hours 


Run iN.sfl 

M0, 

K 

Cs 

As 

Ag 

R 

1 0 

i ro6 

70 

0 

4 . 1 

4.0| 

o. : 

2 2 

1 IRf) 

IR40 

7 . R 

22 

4.01 

4. ; 

) 10 

1 I.H1 

9103 

| MO 

9.0 

.OR 

«I0 

Au 1 < 

<■ Mg 

Mn 

1*6 

Sb 

Tl 

P H 

s.006 1.1 

.41 

.7 

.06 

II 

.02 

R.O 

< . (’06 . 1 

4 1 * 1 

. 1 

.01 

12 

.029 

6.0 

• USA 7.0 

«. 79 

11-0 

1 R 

9 

. 90 

9.4 

Solut Ion 

cunposlt Ions 

showed 

sharp changes 


Initially, with Iowa In pll and high levels of 
■any coapomnt *, 2 to li their steady state 

values, during the first 100 hours. Pun 1 
solutions dissolved note than 9000 ppa Stiff, 
whl.h diopped sharply to 200(1 ppa at shout 190 
bouts, protuarhly signalling a nui leal Ion event. 
Minina In pH values mini Idi4 with sulsi In 
tom ent t at Ions . Steady pi', values and S|Oj 
coni ent rat tons were auitrcslvrly lovel for 
higher hafl com ent i at Ions . In contrast to the 
opposite trends ch.-wn by * , fa and sit si nor 
eleai nt a . 

The rhyoltte glass reacted rapidly with Ihe 
soluttone* The heavy rl«n«nts ritiaitrd I r >•• 
the rock are those found 1 q winy rplthcinal ore 
deposits (As, Ag, Au, Pb . Sb. and Tl), 
e vapor 1 1 Ic lake dipc-slta (•), and hot spring 
si (era (Mu. Pel. Solutions ol Run 1 have 
c 'positions similar to dilute geothermal fluids 
In thyolltlr host rocks. 


fll'IRIHIMAI At T» MAT ION Of MHTilllU Cl ASS AT 
!00 n C. inriHATION log MIKATI MIS) MAI 70N- 
|NC IN TNI MtPlkMirf HINCPRI DEPUS I T , MVAPA 

J. J Rytuba (U-S. Geological Survey. Menlo 

Talk. ( A. . 64029 ; 

J. M. Toiler 

f > W Dickson (both st Geology Dept., Stanford 

Unlv. , Stanford, CA., 9009) 

A. S. Radi k r ft'. A. Geological Survey. Menlo 

f ark , CA . , 94029) 

(Sponsor J. C lieu) 

Rhyollt* glass fr.'S the M. D. ralil isldera 
maples was te ai ted at )00‘*C with distilled 
water and 21 and 101 Natl solutions at a water* 
•o-rock ratio of 1 I Solid phases were 

Identified bv optical, S-ray, and SIT! •ethods. 
In the distilled water the rhycllt e glass was 
coap let e ly altetrd to K-feldspar. alhlte, 
Cristobal tie, and n.'rdenlte. The T -feldspar as 
deteralned bv V-ray Is noaanona l *u» high 

sanidlne with IS pi tirnt Or, the rrlsloballte ts 
tc-nq-letelv *r tried with a «fl ( 1 0 1 1 c>f 4.09. In 
Ihe hall tipi rlni nl » na.tluns were In.xeplete; 
Ihe rhyolite glass vn only partially altered to 
tft'olltes. Coal log ol the glass shards by the 
teolltrs retarded further Interaction of the 
glass with the llutd- In the 10* NaC I 
rapt I taint the p f e dual nsnt reollte was a K 
srollte similar In habit to cllnopt llollte but 
having an 1 ray pattern slxllar to (errlerlte* 
Other trollies present In s«a 1 1 quantity 

Included anal* l*e and »>rd«nlte. In the 21 N.i( 1 
eaperlRrnts the f trollte again pit dotal oat • d 
with svcill quaot It lea of •uldenlte being 
present. Anal* )■• w.s net turned. 

Tie alteration asseehlages found In Ihe 
evpirl».nis are slallar to those observed at the 
Mcberaltt aei-uiy deposit white g-felilspar and 
ertst eballt e occta t to the cue tone* and 

c I Inopt 1 |o| It e and anrdrntle predominate outside 
the ore tone. The empi r 1 ■• nt a I results suggest 
that the observed alnrral toning could be 
explained equally well by differences In 

solution i.aposltlon as by dlllctinces In 


V • * 

R I At T I Oh l»» RN1>)| 1 Tl WITH M.O AND NaCI H.O 
AT ItNI'V AND 900 RaRS 

P. W Dickson 

I Pnttrr (both at (.rolegv Dept. Stanford, 
Unlv.. Stanford. CA 9sl09) 

J. Rytuba 

A. S. Radtke (both st U-S. Geological Survey, 
Menlo fark , CA 94029 
(Sponsor ; 7 l I ou ) 

Rhyoltte glass (-190 aesh). In 1/1 Initial 
oolut Ion to rock -weight ratio, was reacted st 
!00**C and 900 bars tor about 900 hours with Na< 1 
solutions In Mold cell equipment- Internally 




*r 


lltl IN II KAc I ION «>l Natl S01.UI |c)N AM) StAWAUM 
Will) ASM SI If . ?tHP'-4(H* ,, t., 900- 1000 RAMS 


J : (.._ h-iu 

f. W. On mon (bath at: Geology Department, 

St an lord University, Stanford, lA 94)09) 


Some geothermal system* ul Japan in andesite 
have meteoric water or seawater, ot aittuin, 
with modi I red compost I ions . Studies ate going 
on in the Stanford Hydro! tirtmal Laboratory ol 
inter ac I ion ol II 0, 1000 ppm Nall solutions rod 
• eawatet with powdered ( • .'00 mesh) ends sit* 

(IA-1 stun lard: plagtoc lave, quart r, pvrnseiie, 

glass) ?U0*40U‘1, *»0U and I (>00 bars, at 10/ 1 and 
90/1 sol. t-i rock macs ratios IS'N), 7 S 0 to 1900 
his, in gold cell equipment. table shows atejJy 
state solution values (ppm). All solutions 
initially dropped »n pH and lain rose. Acid 
release accompanied silicate mineral 
production. b»ll ; rapidly increased above quart* 
solubility, and was higher at lower pH's; H* 
m.i> interact with Sil*. K grew in steadily at a 
decreasing rate. I . 1 , Mg and te showed the 
gr> steal variability with solution type and 1. 
Mkii I at 90/1 S/R was loser in pH, t. ml ta 
compaied to k in 2. te, low in Hail solutions, 
w is high in seawater; gun 7 with 920 ppn at 24 
lira, dropped sharply to 72/ pi<m by lb*, hrs, 
rellrciing nucleation o( a l>-is»ner al . 

Geothermal fluids in andesitic rocks should 
a-l|ust in manneis similar to the *apr r tment a . 


S'lution C PafS ttllSR in ppm. |'ir. cures: ‘.ou 

bats; kuna 9,/, 1000 bars. lime*: )J0 hrs., 

estepl K >n Ij 160 |t»% 4 li 1 , Mun 7j l*.h bis. 


Ron l*t Sol. j.M 

1 100 H V» A . 2 

2 2'N) N il I 7.1 

J 200 hat I 0.9 

4 300 Nat 16.9 

9 40U Natl 6.2 

6 100 SW l.| 

7 400 SW 4.2 


bit). K Na 

I 1*0 ~ A 12 
hit) 21 ol 2 

*,40 12 

1 2C0 74 170 

1990 199 190 

20. 0 R 1(1 II )o0 
1 760 10)0 11700 


M ft 

O.h %.»• 1 9.0 
•it 

1 0 l) . 9 

9 .24 0.9 

0.9 

2 40 ?69 290 

199 1 227 


/ 7 1 

Ml At I ION Mf ( AM NONA fl MOtK Will! Il 14 at I 
SOI Ul ION, I00°r, 1000 M9MS 

A.S. Nadtiie. Il’ S. t.evlogical Survey, Menlo 
Talk, tA 9.079) 

I k. 0 1 • ■ •■ m . (i.« .•!••., y Dept., Stunf.od tli»iv # 

« A . to*» I 

D N . la • ■ kv, !.• el.., y D. | t . , Dniv Minn. .1 i, 
•I i nne.ipi-l i s , hN, NS*99) 

( Sponsor : J . (. , l mu) 

Powdered Silly carbonate rocs ( - 200 mesh), 
(dolomite, calcite, tllite. quart*) was i«-ulrtt 
with IT hacl at HM)' V, IlhK) sm, in i.ikrl 
pe Id- cel I • qt> i piient , at I/I md 10/ I imlal 
ii'lut i«m to i t k i' ul ratios, lor IthiO 'us. 

■ lists* ii h Ir l villi dolomite, Sio^ and It^t) 

!•• fora m.Mttm.u 1 1 ton t e , caltifi an-l i i* • . 


li ten. ally tillered solutions, sa’plel at 
li .Vil il inlervlls, weir amlyse t I n ma|Ol and 
m.not . I. moots. II.S, tn^, jo I pit I See table 1. 

Mi t I i mi win r ■• I '••» r»»c and lipid. Some sol- 
ution comp me nls (An, Sb, tig, II, le, Al , !"• ) 
il'.w • strong masimi by SO his., others showed 
hi ad eui".r lAs, Ms, t») or s t • a-l 1 1 > increased 
('•»<*j, I, li, R . Id. fas l a.huvrd 

•tenly values Within l-HJ bis. ..•*•, lolomitc* 
in I lilt to re* mod in I to I/I |i*n. All dal - 
• ■mite l< on* posed ,n the 10 • I run. ptl ol 10/1 
at i spet i an- nt j| .on title is was st least one 
ui.it l.igliet than pH ot 1/1 run. Solution coar* 
p-'Sitifit was set t.y mineral sol u* i I » t • e s , 
beak down ol dolomite, and Cnmpl'k ion loi- 
mation. Ilcewnts found in Carlm-fype gold 
deposits were sntohi I • *•• J . 


sni tit ion t (mpoqi i |on lh ppm 


I/I III/ 1 
kilt; ID.’ I 1RJ 

g Ron RS 

la 176 70 

Ra R.l 2.0 

As 4.6 0.19 

Au O.Ow) 0.010 

R 1.0 0.29 


I/I 10/ 1 

> e 4.0 0 . I M 

Itg 0.0)6 0.017 

RS 0.011 4 0.09 

II D.09d <0.04 

H;S h I 7 

lOj .0000 7000 

pfl 9.4 9.1 


Ml I hi 1. 1 Id' I* Nib DIIS'MT. Ul Till 
nDlll >1111 A ..» M fit 76 HN L 


0R 101NAL 

OF 


p. k. tin 

k L 'ey Irie.l (hid It at Dept . ot a«,|«n|y 
.ml .« | hv • i . Ih»tv. *»f Minin'- da, 

Mr lira -••••! ■ . . MT4 • »*.' » 

I q M I M. M. I,g|< Sl 


t.iwiti-r I i alt inter ait ton at elevated tem- 
pi r ituri >i an- 1 |.| •• • -cur • ♦ , un ti i • .tw it •• r limit n- 
at*.l .••*». lit »•*!•• , aiiu-ars t» be te .|t»n illtlt f*.r 
t)i«* I al 1 1 f el >"is «li | *• is 1 1 s within t’.c- True I •• 
cq hiolati | * | . t »rw nt i| stains m..'w that « 

I lull | |ti| f Ic .«••! |y i nr lilie-l In Mr*, i’ll, ill, 

)H 4 • it dal li .Iv-I IK..1 and : i , • in I •• 

I. i i v« I |.y i • a t i'll of aw it • i wi't. I i.a 1 1 
at t • rq • i it wr - ••m* an I at iff. t i s ••-.»- 

w iti-r / t .» k i.il i" , *i". ai Tr*..k . . a f In I 

wit), tin •- • i i .it i litlMtts use i •ut|in| ,i|iuk| lautt 

i • . and vat i |im nt ly iJets'u* t. In 4 ltd * .. Jr 

ft '!• i i in a- • omit I t llu st i Jt iqi i| hy . tea- 

tin- , inf clftcmi try of tin sn ive sulfi hv ot 

tin I so i I' i | |ts | av ia. 

The I • • Mm oai le I sits ( Ukls r I whi ch 
i ). it ai t . a i tv i ill' |< n. • is within the I | | • r 

II ll.-w lave, an ••» r ik in. i ly »i*ilu in cfumi.tiy 

t t In I, iv/ rv » 1 1 - 1 tell i dim nt . | !• vi nt I y 

.iiikulitii i i.n Hu | i . t I* 1 1 1 • M i .• It 

ai | • at . tlit tin i|t | • .1 ♦ . r. u|fi I 1 1 .«* u>j 
wall r-l i al* li Ilia a I a* »* r.t »h .. is • 
i ft iiti • . but it li t-|r|.iiuii , , ti tint t a I ly 

I* thin bn'*i . I ip i itjrnl *. reveal it, it i| 

|li « ial It • t it. I Kii i an I-' -.old ill.*. I ut..h r 
IIh s' 1 1 a, -It t Irtnw . I lit • her note , the Jlt.-n I 'i.s- 

• a»«r I i k- II ' , a. i nun* tti'l lor the at an r i f 

I vr 1 1 •• i .d t*. o*i lire I nature of th« umta-r 
ile|H» 1 1 . 


Airborne Sampling of Eruption 
Clouds of Explosive Volcanoes 

Crystal Room (HI). Wednesday 1330h 
R D Cadie (National Center lor 
Atmospheric Research), and 
W / Rose. Jr (Dept ol Geology and 
Geological Engineering. Michigan 
Technological University), Presiding 


* 7 * I NV t »» P "H'l * 


\« I I V I 1 V i»l l tlinHAN Villi AV’IS, link’ Aftl I '• •• 


W I. f • .1 t II . (Sltt.ll.il outer let Al s.. .plu t I* 
N. .t.iVih, Rouldet, IO NII07*. pit e Oild I* vs ' 
Mil Itlg in Vei tin* legit ul I •* l vi r h 1 1 y , Moughten, 
Ml w.9 11) 


li*r«a valijniHS, two basaltic (Pa. ay a and lurgo) 
and *'iie d it It l< I S ml lairul t o ) , wvn In aim.'*.! c,h,- 
i Inuiots utlvliy during f«bru.irv 19/R, tin i i*s 

• •I *i r soli mu i I • * . •« I vai "5 I | < k . .' 1 *• t .uii I nu 

• •it sly it I I vs tin i !*♦•», I t. ay i h i il 1 1 In il t .1 

biluiii ml 1.1 • 1 1 .'isl'ol I us a. rlvltft ... m r |m ft a. • e» 


* ops r iphl »v < in .1 !•» lutli 


. this pig. 


• » If lie. I) copied . 


1221 




I n.l.d '•» I «v l flows i.<d i « )• I .... | vi' I • ml hi 
•• livllv. Ih.i li < 4 ••hi irptl**, l*H »> l % t« In i 
• til liilmir vtp-r iiUh|.-ii wM. It hi i m In 
I’. . • "ahpt I** *7 .nt.l • »nl I ••••« «V *| |r «s| tin ••rii Miy 

I*’** llll ll' ••» »»•» i-.h Mil Ih* I n( i*9 it|*l i'll , IK. I 

I 's*» I Ii‘k ii i Iv li y mi hi • hi ln| • 1 1 in i wiii'ii 
V M*.*9 i*|s**l.«n shale.l ilurlni nnv « m|>l |n| lll»-ht«, 
► n « i i*n M hi illn-ilv iili«i nul thtc.ivh ••• In « 

* t H. I .« llu- M. I • nnv i i •!»•». !••• Iiii •(« |> •• t • il 

*•' * Ms *i»->i ir pit tint *.11(19 1 llviii, l 9 ii|inrt|, 

Vlnlmt pvto. I it 9 !• 9* 9 *.|»l I CMS . Apl.mln# l«Sff- 

nn »»*. • I **9|9 I mi 1 9*C iii*9 I I *1 |I. 9 linn 

I**?*’, Im r.it hii hri-n In i .list ih| l.iwli vi-l |*v 9 n 
•llll. Ullvlty. In I. bln 19 V 1*»7B, |svtfh*ws, 
*•«• f lr •»« «|iHr «l Ips*.| I'M.' .i| lur#.., mi 9 * f lew- 
In* i| in | lip sy 1 1 .ink of |ln* ra<w. I try. t l.»vi» 

Nhwh will- sern In fit* I I I f*t*li In Innr. Hi I, I 
villa .ml mi it livllv iirniliii lug substantial .>ts 

of l‘h v.n Intrr s|*rt*i*<l with vapovofis, isl. p....r 
plum * In FVHii.irv. n <ih i yp. t of i9up||.*n • ).*..d« 
wore unplril. S ml | ignite In t !*• It- in Jhiv, vM I. 
*• • • hra« i . • n I I ••••• 'ii h 1 1 i9i.pl | nr t|n.i 1*1* • ’In.* 

•'pill |B7S I In* V«’li in. » Ills l*i • n pfoiln. I • . *• sivil.ll 
I* v • • ( | ii| | . rrnpt |a»r*- ri.lt .lay, it t l.|nr 

In Ip'll i *l h* |ttl| I M| It 1*9.1 19 V I la I s I. I 1 V 1 1 * l.fll- 
I Inm >1 In pi i.iln.'f* |.ir«r . wlt-il.li rinpi |.*n clouds. 
I.*n||nn.i| ( ril.illvrtv low IcvpI activity at »vrr> 

i l» in* In* SuhvPtS >f 11*9119 11 A'l'll. 9 va.la in.s S 
allow | I .liana (| R|««|nn« to s mp I p ripl"*! vr v.»|- 
c vn.i i lon.ls .i| mill ( ’.li'IO as) viali *n»M In psul 
(tlrv arisen) weather > nndlt lens . 


•N* AP |« iponvitrH hy flap Nat Itanal Sr|rn*r 
fatnnalnt Inn. 


V f • fhV f 11 0 i •»’f • 

•;n n ■ Ain ham* in (wnrriHii nr vmrA.nr 
rviTTiMN nnens 

A . I.. I i •» ns 

A I l|aifl*t* r| • 

• 0 . • t.llr fall it. Hill ..il | lrnti -9 lor A lav.s 
P'..9l« '. talfah, A.aaibh |, « *1 • M I 10 7 • > 

W |. N.*sp, It (Ml.hlrtn let lane leg |« ,|| Univer- 
sity, IlnnpHlnn, Ml 4*T l| 

Volf Oilr p I ••*■«• s In r.n .li'VtU Mail A l.nh i won* 

• mpl.-.l for III I nifl HI vir. rv m well .is 

S*'*, fl »nil I'* In ptrflilia. 11.** awl iv rules 
for 'OiMH'l v.irloil from I.’ tn M, an. I tint of 
Ilf! |a« III fi.*w S to M, Selrrtlvp rrm-*v*| of 

HI 1 vn.l Ml w 1 9 h rrsperf t * <l»v is i f mi. | loti ..f 
illsiin.r Iron | hr • rsfrf v t*a n«( •hsriv.-.l On* 

• 'i Mf f< r. inl tfra of sulfur, <hl*»rlnr .in«| 
flat, dnr In ihr part If lr phisr ire rospi*. 1 1 vt* 1v 
? V I A and if, 

|1». NSfimi il «nl fair present In thr norili.-rn 
hemisphere si » It osplar n In <pr tat# |0I'. rr*n|f 
In* lta*n 1 la«- Vue#.* i*|aip9h*n In fill, l*» *4, Ins 
f*i »*n rsl isiiad fios Isoplrlh nips >«f snlfatr 
f I*f|. . ail 9 It |«*n ala Is Ini* d hv M'9«S flf U«\ M H I 9 

• raft and halla*a*t*s. 


V *•* I .V I t| 3 r rr 

A I Who* NT O'Hhf l ATt'Ml Sri:CTP'*tt Tf R 
Ml ASt'MI M| MTS Of JUlj IN I RUCTION ClAH'MI 
»R«»W C.UATIMM.AN VOU'ANOFS 

R i« h it ri r . r .» oi h**r 

C. nr.tt inn (|*oth .it? Pe|»t . of i.trth 

f*i irnri'i, Part mouth Coll., llAnovpr, 

Nil OITSS) 

Moa aur osirnt a of S''j rmitti' l birtnu 
mi 1*1 eruption* of tho C.u it i*m t 1 .in volca- 
noes Fuitro .in«l r.-int I a-tu i to r* 1 1 1 r*l 
In .1 *t r*»n<i v.i|*or c1o*h 1 .it i'.ir.iy t w.*ir 
itsialf* with tn .lifts* t no r rsnir sen* mu 
rorrrl.it i lan nurd tome t ei . fmi*ni<>n *>f. 
100 t«t | SO ft metric tons pot liy of **Oj 
is (*• amp.ii ,»t*| i» with al.it i ftoitt tta'unal- 
h. **•*•! me .» stir ernent •* m »ilr .it of lti*r timin 
,ina| .it other volc tn «i v elsewhere. Tho 
•llflw'l no a*, a. I#* i* 1 t a* i rvi I os I hr neoe** 1 1 y 
i*f rt» i-ls l*o tit. i |s.*t 1 1 tone. I -tppi npt i .it i*l v 
|f*l it i vr l(* the plttm.*: and 1 1 lews many 
ti tvri m i t . * |*o made I one it h t 'it* pi time 
in a sh-M t period of time. Thru* 
tr iva'rne* may |*r at any dost re I ilistann* 
|»>lf'W t h»* | I time* or d.iwnwind from the 
ci iter . Thun fan** can invent i.jato the 
ch tn-ia* in • '» In the plume al-twnwind aa 
wt I I ts the instrument responsr it 
var inn* distance* laeno.it h the horizon- 
tal plumo due t *1 vortical 1 1 *t t I t»ut n»n 
ivf t hi* ua* and to atm.*sphei i*- attenu* 
at Ion. Moasut erne nt •% indicate ittenu- 
at ion l**n*; of at least in the si jml 

f i o** a plum.* who to it i* I.R kia above 
thr aircraft and a marked drop of up to 


40 1 t it • . ' .9 • wttw i it I it i|| m t»|. . 

of up t*i .'* hr* *i t ho \*it I . il. 1 1 i Ci i 
I'll of tho npa '9 a-,*.. I III .ill .lif t it | 
t a I lf 11*1 1 | pi I I i It .* u »v | .|.it I on. 1 1 i nt** 
•III I III 9*11 t t p.a| t f f • | t Ilf* t'lo-.Ofipn With 
tl* • »»V**I 111* 1* I ■ It I t|. t toll* . 


r »• | . V I 1 1 ’t • 1 " »* 

‘.A f ANP It l<0! f|f ANAl'M* Of VClf AN If 
CLOWS IN Gl'ATf HAI> 

v 1 t..*r, li . 

» n c .idle 
IV Hrldt 
A • M>.r hr i ( 

A I unit iNtl *» *.ii l*viis| (rntei for A t •>■«•• 

|*ti* tl* V**». if. h, Boulder, In f'JtO*'. pits. 

• 'Juu • P s*l "t.tilcsn 11 ( hit** l«a( t « .l| I’ft I vr r • 
sill, Hmifhton, HI 44<M| 

! Filntaun ft'. S (>i'|r||it| Purvey, ivnvrr f«’ 
A0??S1 

C.ss utplfl veie (ollenet hy Sir. tiff rMrilftf 
velraslt er.pt I .«n r Itt ids ef three r.atriilin 
vrl> Slier ». t.ss 1 h» c-nst **y i sph h sttelysis s', w 
H|Sn m , an* S *•» con'ritts Is *sh ri«.|»».*n 
f|o*i.t« •ltd !;«rf i**d A t tv s In viputcs rss 
M I • *t r|* I . date dreenttrm lift ter 
tectopl* diet r (But Ini* In viler vapor of nth 
erupt len clouts than In vaf«*r.«ul f ts phr*<s 
Must ,t| tl., H ,n |n thr vep-rmn pluc s |i p».«h» 
eMv e*i**<rl'' It.r data eie the first dim* 
ft' enalvn**. <*( rvplcslvr eiuptlon tln.uts, end 
if. wcitst rate that, in eplte of etn spt.ri |« ed*|e- 
taiie, useful « ••■p.<e It tonal Inf c*is>.ti l.*n on er »p- 
ttve tesee ran it cbrelned ustn* elvrieft 


¥ *» INV f »t .* • •• j 

I A'»riri» !• I *1 1't‘ THIPPf H»N AN!* 

••• *Mi*»if 'htv.Y or a*. ii in Ttir rtiir.o and 

* ANTIAr.l* ITo ri.PNFr. 

IPept . of I'atth irner*, 

1 Oil t twilit h Col |e-|o, llanover. Nil 0 1 TAM 

Airborne cu||i*rtion of f-yr'tr last tc 
par t iru I at rn in t ,»e plume of V ue |*t and 
Tint i a tu| to Volcanoes, •'.uatemil i wa** 

e *tivl*iet e I in Vihtuary It?*. I'.irt|*-|e* 

were c«t | |eet it.| on h*it h l!ur**pnre filter* 
md *n i •putt/ crystal r »«•» oba I tne** 
tV." M * c isc.i to imi a tot l.otwoen | i and 
1 r t , non ft. ah-avo r t *.i |«*ve| an*l at 
vai i mii dist ineta* downwind. SI *t rr.ini* 
nat ion of p 1 1 t i . I **s shows si/e tn.|«*, 
part ie|o typo at*. | morphi loty. •«* • I i t 
I .11 t * I * s in the | 1 u».* 1 1 o tuvei* I I » 

'•'Hi | |, e | y st a 1 f I y-tmeitt s and *'o* m | n »t * >| 
not*- juveni l*» ltthic material. S».»in 
r in*|o fic.m |rm ».* 0 . ind tho pro<f 

t ** * s 1 ve 'lownwin I il# rivist* of tho c»»arso 
fr.vjmrnt content can l*e d*<*umontel. 

This is compile I to plume dyrtamics obl.li 
real fine m**vto film of the r«f>|o*iiins 
who h prod. i* o«| »he ish c»*nt a ined in the 
plume. Initial plume velocities »*f 
I ft which deco | i*r it a* dt am it tea 1 1 y 

t * * a few m«*|ets p*y seci'nd |t«*f**re b**inq 
blown tlf'wnvind, supported particle* 

,' r . m up to distances of • I S in from 
f uc<io Volcano with bulk concent t at |.*it* 
of several th*ai*iand w| /m ‘ . fi.it i will 
•line l*c pt f*s»*nt cd **n the iel.it IVC enneen* 
t t It inn of t ho various plft|e|e types 
and the total uinn sire distribution 
in an erupt ton plume produced by mild 
vulcnmin esplosions. 


v m |*fvl , tft ,,p ' 

a. I •» Ml. IM|*' fl**N. M.St*M.y| IS y AVI »||/tlNIAI 
I CHI list 1 III* ill ll'.l CAN tit |»* "I Vl'll 4S|i l-ICHK 

I' I W*. sis (SVA I M.fl. v A. st to It I rst. t. 

Il.tepi .*«, VA 

All I.H HI ( Af .Hisw I I h I .*f p , r ft* I s 1. S 1 , 9 A 
T.'h.'M 

fSp.HIH *9 * A I' l t ill I 

Mur par Mi It h Hi* .h... t | SO t«* 'If. »|. * 
•till* I *t .11 IS. I"! I III 9 h. a r ••pt I •** pi «HS. . I 9 ,4S 

9 W" a I I vt' V • |. tl*-*. S , I ... |- • t.t I ’« tfl* I tv. r I 9 , 

W>9r « • a *pli'<| |u « 1 1 at I dr t i*f istur * 1*1 • I'm < •• 

9 9 il I "ft tud sir* tit «t r Ihul I ••»* , with rl<-*i‘nM| 

« -| • .|9 I • ••* aitd m •* plu* I «|t v di'9 . f e I ft >t 1 1 . .si p • *. t 

•. »**|* It'* IH 1 1 V S I • |hf • imp I r s W. 9 . I lift 

dill It* tn 1 1 9. 9 1 1 t * I*P I I nr « I sS |.*»t |f* • *9 19 . "* • I 1 

In If ».f.. .9 »I I'M |»*. p If 9 I I. s % ... 


'••'I ll tllll 9 I' 1 *9 *9» f Ml I *f I II I t V*|.h 

’•'•* | I* * i-lfitil 9*sii|s •• • 91 . ...|'i t.r« 

Mr It Pi <•• • , It 9. il tl-s*. ell if lit lp«. Is 

••■•fl* I*, -ltd I Its I • thr Wins .» Sitlillll d. I ■• I • f d 

• •• 11.1 . . I |. 19 s.i r I 1 • Ihr s imp I s w |. 

ph r. ri iphtd H*d 11. .Ivrd I.. • . . I.isii<r . '..ii.-n 

• i.i.s. .-P* *.|.iin .. d wir *t in .ft.-ir* li|.tst V r 

■ 9 1V in * I vs Is Ills l-m. Ml t ' 1. 1 . I m|..| I h * ,.f si 

• *|"*s|l| •« Iha pit 9 I It S t.« '. 

tllvldi d *mcit# 9w » 9| h*l* #l' tl ili >i| t, I it ir 

s»rl**e. I Mrs t« t '•«• ltt#« si*.- Ir« | |.»i« |.«,| 

Il • S »vr 1- mrt .!*•• I f If I t IrS | •« t •*. ••ill *|H 

• »* »l •• • . #1*1"# I*.. ••%.• rill «l.*i . 11*1 r I '.nt |.*n 

i his. Ill l.tt 1-9.9 H.-S .l.ftsltliv 1 -f thr 
pt'tblr*- wr» r rsllmitrd Ir-m |h. |» r . .-. i # | . 
slrt-s ft Si . it | «t Ihr MW ll.r Isitr iy»-l **ris|rs 
wi »# #vtlwitrl t ■* hlv# sis* drusttti'S I. .* thsn 
’#••** will 1# t '*r sli.rli-ls Itlvr m i vs dilt-ltv i»f 

th.-ut # .'••*. V*.pp. ft In# dst i I ••■*■* in. ihf-t srn- 

• •*** h • lid 9 1*9 I I I I* I Im.'! Ill- |h If • r I 

I la. I •• M I I l I'll* I . • . | , I • , I* . It 

|i. | i- | II; .*. Ir.ir. dl |-.MU, * 9, . i|vs|« 

I. . ||i «lt-i*|t|. nt .• 11*11 • •' A | , |, *.. i i |r*d 

»• will. 1* S .r «m.-.,nts <1 II, l I J 11 In Hr 

I at r« trrb-rit.s ltd Al, SI. tr ml 11 |n i »*r 
s.il*m|i ron #r.* tp • 

ORIGINAL PAGE 1 $ 
OP POOR QUALITY 

VOIIANIC fM'lftSl'Hl FlHNIS f'f NMT» , ?|wi|HA. 

TU^f AW TAB! |fl | fONTflf fSMHAIfS IBom r ( |iif 
Nil |ft*tS 

I Hihpn (| nynnn*r«| #1 '.f lr»*(r (Vpt , !•*♦%. 

of l»nc#ster, 1 inr A\frr l A I 4rB, ||l ) 

S Vrll (Vp| si l.irfh '.f'rrrrv, |iu t*rglh 
, Mtnnvrr, N h* 01TSV1 

AealylPA #rp irr'ilod n* ? pr^pftns 
fro** f ue*|f», tl|**r1 At ni*r life frt *,#( r | nn 
I nhi ull y ,V, !0.*N, .»», pA»t O* N AW'*, f|*rt'*l 
A nrr »{ in VnlfAnr flue '-A^pl an*) f •!•#* '*sn*»f Thp 
•I’yrS'itl of 4 i loud lr'w*-rn fra*e< l|\ 

iclot »ly thp VP I f)f I ty t • *1* fu» »r < tr pr ill 
fprrnt i Alrd to f|n.J |hr 4 (fr |rr |f .nn md hpitf# 

H*r total f9*rip Ait*"! O* Ihp tloud lh*A frrcP 
CMiHM Of 7 P4rtA, Air d f 4 J (fAt I#t'n»t4nt At 
ht.jh AprcdA p a r I y ui |hr md io«) A**1 hv'fAStv 

(•i»\| imfiertAnf IaIp to |*«r rsiflms «»*rs »*.r 
ilrud ' \ innvPtfleQ slowly) I juif'ess of on- 
Pen w#fr derived fpr 7 fs-ren <|mijd s**ip**A, 
l|*Wr*ps A**d vP»lllAl C » 1 1 ode r s . A**d ( 'pud drn- 
slfiri nrrr * a 1 * u 1 A t o , j fiftt ri pp r-|iAllrn% 

10 tNr ohsPrvPd nrl'O"! A \(»pl|fird 4** A I vl If 
of thp *|r a t budget pf a c Ip.id jr r*»l f \ t" till- 
mat# sf tlo id tr-;*p*-At ur# A*d |4*t'ttp *■•* I *;**t 
f'Aitlon to bP »4dp lo* t hr di^Oty ( l<»udA 
CWAltf rrA( K *».| If nlthin I0 rt pf 
fit of fhr iurrcn'’'1'f'i A'r within 10 sr o"ds 
.*# fnrrviftsn [Irn'r pAifflo wrt*jh» f»A« , l;**A 
■I’M* less t**m P, t**i^ f • mr , A*'d r 1- |1 »l*p 
vat* It'rs Irss t»*|n r**\ | o 1 » 4 ,r*. ij a «\ 

pe.Atbln to PSt»*A'r l»«r mtitr I'l* of 4r»*ap 
l'A r t i( Ins Auppottrd b» thr t l«* u d *srt'P" vaIjta 
found wprp jl S, 700, 140, And *»60 microns 



i I - 

iu\it 11 1 'is luvmi'uM nun | i«m 1 *Mis 

\\. 11. 'Ml I It 

H . V / I • 1 1 ••*.V I ll-nth 4t It.s. ( .#*«• I **•) I * «| Sa.rvry, 
Ih-Hvrr, lo. N».*,*1) 
f 'afHWalitr : f. A. Mirsrr) 

Ih I rhn. *9i a**.l iftrth caf |i?l f||trr s.i*s|.|rra 
mnai'.lpif «*». .lit alrcr tf ' wrr ».v «f In « ' . | If*. | t lap 
. 11 1 <•*.••! fr.H'lliw* nf thr rraiptl'M* v l.aai.iA «.f ti*rrp 
•tail VP f.a* It pm il.if. v*t|< •••... \ Hi.. ■(.*, •' 11 * t..if 

•' ••*» I aapallel. I hr* Hilar * n I . r 1 •••• .1 * •# « ..f 
thill tlllriA |aa St*rli • Ih* f If Al SI* a I I .HfO. 
§•* • 9 * filter Slt'a .1 »*.*-»|..t| |*. # . )||. j.f ||,\ 

mi. fltHA 1**9 rirstvl" ! ft'l I. "I d. A If.ss It# . f,.p. 
t l.aa* 9 |. *..»'. tl.t '..V* twit f I | 1 f r A •« 1 » H'..|S|.. 

f I I tpt A I rcatiut s| I • tl 1 1 ttw.fy I .re" ||S • litres- 
I 'h * t 9* pt. If'lrol l-ll It rit-ll.l !• I it I • V cl.lt I I f % 
f e**l l|» • at I" H. . I.t.i.1, It.. •»•* ».f «|r VWf»|t «t 
In • *-i t 1 1 1 1 » a r tf».p *t I r .w* | A 1 1 . i. . t. 1 .) t «.t 

. t.t. veil I'M. v •m|.|f \ s. 99 . *a||filfd .tl |.M rr.i*. |.S) 

9*1 %• ...I . A 'rum t hi V. *"t . 'f tPf . *.l |< • t |>H. of Ihr 

*. tm|.|t'A, • 1 . 1 . filter W..A fltr.Mt.d with fd» rn| ..I 

• •'ft . Sp| It*, tor I I I tf rt ft •• f a • a | v/f t f ..r | 4 

m» t 1 1 \ h% I • •'••• t Iv* | V elf •' 1*1 t A* . s*|H l< il 

1 m| •. a |t«f. • p« . 9 r .am*- 1 1 v . I | «tf | d. ,.c1 . • | .if |.1r 

••la 9* alv/t ' •-! *p..|flr liwa llfflraadl. 

It.r f | • m , .« 1 1 f ft |.« In. 

t I •• I •• thr I |ii..r.*p..ir ritr.ai t A tie .<* f.<ll*wi 

• f •• alf ' 1 1 .% I •••! er th r aaf i' .**s f " I r • * I •••• I : S | , t J , 

• • . f**l. t I , III, I , th., /f., v , I lf. 1 d ( .1, 

th. AP I Itm. tl r*PI9 At **• Iv ..f W.t.p. 

A * I 4«|c d.| |m it . a "If I | »r <1 I f -m* I I .. 9 |..>. mf 

| -9 t I. ••! at* A f-t a. I •' | . H*. •. cl H.« | . 

% | •••••! . I |r*s •* t A 1 1 " i .<• I*. "«« f %l t *. t A >.f t l»r 
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Volcanology, Geochemistry, and Petrology 


liiatisl •li.ilatu Minis .in (In • « • ' isIimj mi tier 
ul « imh i i.tt.it Iim.I: (|, |.», it |, Hu, s|, I, 1 1 
• •••I S| . It I k »•*... |...t, || tll.il kolllllk t f M.S|..I| t 
I* I 4) % J • •• I • l*» tin dl sit tlwil |m#. i>l t ••• V 
i Iih nt % aittil'i .t s«i|« iu|i « rii|»llim vluml. 


; i • « 4 1 f • . • • • 

INI I It % I It'S • i'I Mtl>ltSHl •Itll'iAl AS 
Vi>l(AS.t|s Ml III H.AN|I lO MUM"* nil MU IN.tl f 
II**.* lilt INIS 

N I' t ill. 

M I . ||i . !•»•! t 

A I . I rim till .it : Nit Ion il iislu I • 

Ale*- .pin i I *.-.*»• I . K .11. i. IH I'll'iM* 

W |. *.-.«• I *l| l.l, mi I.-. Ion-1. -| I .1 I.iImi -III, 

Nought Ml .**1111 

|H l. inlo .1 l i.i l.l. .I n to. t.l.lualk, IN'N, 

■ I (In il ....I . I.. til. «| | I ■ |-» lll.i I the 

• • .i|-l |.i% . |. -i-li 1 1 - • I l.l . »• • .« *1 » p il.iil v--l- in. -ei, 

n . i. I . I. . I ... • • , in. I So ill... .Il>, ill 

on lit /•. I I • '* Cl<- il mi. I f- • I • < • I tin I I i. • k • » 

•« I , H I I. I . . . «t| li II ••! III. s| I il -• In »•• 

'in.. I .-I I In mil. if n.i In Iln I--IC »•! 
Ml,, |l.. II 4|.|-I«ti li .-.III... Il n 1 1 i 

.-•I I- ill. . i . | I I * n iil l.i • •- I . I .--.ill I Iln 

It..- n • II I. .-I *•». nil! «*ll. H III.’ SI'.. Ill's 

•• I III I-., tin it 1 . 1 -,Ih r. i i .Ml II.- v In**- 

• nl i ll 1 « l 1 1 I • | si *• | / | III I | • I n i \ s *«or • 

nl.it .1... I. .1 ..I. II*. I'r.-hit-lk i.ili .it • .iM|-.ni«> 

It. 4 I. * • •’ • « 1. I .1 v. .1 ."I I I.II.1 k, I ..|. 1 k»-l • III I 

III iii • •* 1 1"*. t Ci. -| I -,|-i i s |u«- .1 ■ ft Ion it.-. i.t. 

I •«« I iii • s| -t-.cn > >••» ui • .ii to • i it I.- 
| *.'!• i .1 I • • . | . 1 1 •• . | nn .'.1 » III * I I o-i wh I - li 

w. .1, .In. i I li il | • 1 1. I| i li li is I'I. .il tl.< 

I •' in ilk n» - fin t. li *«•!• ill., tl.» nt 

«•! I in. i.l t . saining In I li- - i • 1 1 f I-- i • 

l.l | ■ -I. . |'»t loll ol I I". »IV I. f. M.t .-II ill, 

. r kii .il I mil k .-I i l.i i . 

•Iln- N.it I ■ i.i I t . ill . l I or AtSk'n'In I I. M.iiji.li l» 
i| onn.'t • .1 h # 1 1..- ViII.'ii.iI s. t.in. I ...m.l.it ton 


/ ' • I *kg : It 0 •••*!• 

nil . Ill .*• 1 : 1 M i'I AIMuM III MU’ l AIITIt li- 
I.M I MM I HIAI I Mil till IIV Vt>l t'AMt'l S 

w. il. / • • 1 1 . r University «>t Mt.yl.itul, 
l»'-|-.»i t *"• nt *»l ilnnistry, t’ollc.|C 

I nk. Mtiyl.titi! »0M2) 

W. I*, t i.nn t n 1 1 * i*i (tin i vt*r Ally »»| Mji , * 
l»n-l, l-i-| .it t n «*iit %•! i hvaihtiy, Ot'I le.je 
I M It , M.ii ) 1 in-l 4074*1 
t. A. |«-|.«*1 I II it 1 1* 1 !«’ *h. .| t hwv :lt l.lUifA* 
tm its, N ii lit. lint, KA NNISVT 

s.i | Iri ol itiilmine |-.»t t i fa I .it e *.i- 
t • t i 1 1 h.iu* t ■•*••*» CM 1 1 f i -I ii *'r* mi . 

lulus in A't ji ft n .t usiiii tin Nitl.n.t! 

S» III) . I ..Illl.l It Mill It'- 111) lli'l k'ull**. .111- 

Cl.tfl. 1 1..- ;.•• -..in-, let. Ii.iv« !■•••« in.ilyrnl 
|.il t he i i I i.i. .' element i’i't»|>n» 1 1 n-n |.y 
Ki-ut i ('it A. t i v.i 1 1 on An 1 1 p i -i . A. I.I 1 1 tonal 
Sir, 1 . i .1 t‘«'ii.|. Il- • J .|.*si*. oi . r..»t i- 1 lit 

HI IU . 111. I i.t (.It I II*' HUM Jilt III ‘’t . 

Ill . I • i . • • j .it i s- *n will, t * » | l him* 
gi*. I. 1 1..- 1 1 -..i 1 1 1 n| I l.e it l.l I \ .os 
ol fit tt' :• i | I.m ire i»| it*. I with the 

n- ..iln • I It. im.n y in lo t m.l an. I Au.|U«- 

tine in Al.i.fca. Tl.e tl.it. i t*n volr.intt' 
tfiMSs n>n | o t tits to the t< letf.i 1 ol vol.i- 
t i 1« 1 1 jrv re I.t Is m hi|lt .ibun.1 imri 

rclji lie t*. the ia.it i t m -lull. Iln* ele- 
m i.t n jt» tin* site eft. > »l. s«-t vi. I in 

•unit .t o | ^ tii-ih i tu iiilr it i-iiin in ni .ite 
«t « .iu ii| t In- will II..* li | 1 i« il ti.t.a of 
this i r ue clen.nt itavtun will l>«* 

.1 1 s« •us si .1 . 


* - • I .v I li J « 

Iii | i I • *1 l. ii IM< |«*l is|i. . nS ini 

i, ui. u i i • • . i in i vi i • ■ .ii .i 1 1 1 1- • • 1 1 1 n 

V l li *1 
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